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Over the last several decades, economies have been experiencing mixed performances regarding economic growth, thus motivating economists to study convergence. While some economies have been improving their income levels, others have become progressively poorer on a worldwide scale, thus widening income gaps and deepening disparities.
Despite the large literature dealing with the topics of economic growth and convergence, we emphasise the neoclassical perspective following Solow's long-run growth model. 1 According to that formulation, countries with an initially lower capital stock grow faster than others at an earlier stage before converging to grow at similar rates in the long term. The explanation lies in the decreasing marginal returns to capital, implying that the lower the stock of capital, the higher the corresponding marginal productivity. Therefore, the further an economy is from a steady state, the faster the rate of growth. However, the rate declines when the economy moves from a low per capita income level to a higher one. At the end of the transitional dynamics, the initially poorer economy reaches the per capita income level of the richer economy (catching up). According to this view, divergence is a transitory short-term phenomenon refl ecting adjustments towards a long-run equilibrium level of per capita income. This basic kind of convergence to a common income level, showing an inverse relationship between the initial income level and the corresponding growth rate, is known as absolute (or unconditional) beta convergence, a term fi rst applied in the early 1990s.
2 Absolute convergence is a strong assumption, as it implies that economies possess the same structural parameters (saving rate, population growth, capital depreciation and technology level), differing only in terms of capital endowment. Therefore, it is more probable that such a condition is met for a group of homogenous economies with common institutional and legal features and similar economic parameters. As similarities in terms of common economic policies as well as the higher mobility of factors of production and technological diffusion are more common within national boundaries, it is expected that regions of a given country tend to converge to a certain steady state. 3 Our focus is specifi cally on regions of the Iberian Peninsula. The fi rst reason is geographical: Portugal and Spain share a common border. Moreover, these countries have been historically engaged, becoming increasingly integrated throughout the years and having entered the European Economic Community (EEC) in the same year. The countries differed in their structural indicators, but both managed to fulfi l the nominal targets and be among the 11 initial countries to enter the third stage of the Economic and Monetary Union (EMU).
Regional Convergence
Since their accession to the EU, both Portugal and Spain have experienced considerable economic growth and convergence towards the EU average GDP per capita. In general terms, Spain has had better economic performance than Portugal since adhesion, both at the national and the regional level. Several improvements have been achieved in both countries, particularly in infrastructure, accompanied by increased public investment. However, regional disparities have persisted; indeed, regional gaps have increased in many cases. 4 By the time of the adhesion to the EEC, most Portuguese and Spanish regions were Objective 1 regions, meaning that their per capita GDP was less than 75% of the Community average, and thus they were eligible to receive Structural Funds from the EU in order to catch up with the richer nations. As such, Portugal and Spain have benefi ted extensively from EU assistance funds. During the period between 1995 and 2008, Portugal and Spain together received about €140 billion (at current prices, including Structural and Cohesion Funds) through the Delors II Package (1994 -1999 and the Agenda 2000 (2000) (2001) (2002) (2003) (2004) (2005) (2006) . This monetary support has been at the core of a wide debate on the effi ciency of Structural Funds, as it was mostly oriented towards infrastructure and thus did not result in convergence but rather in the concentration of technologically advanced activities in specifi c points in space.
5 Qualifi cation of the workforce and human capital improvement were not a real priority. Moreover, since the entry of Eastern European countries to the EU, it is interesting to observe how these two main receivers of funds deal with the challenge of smaller allocations of fi nancial resources.
Several empirical studies on regional convergence have pointed to a signifi cant regional convergence process in Spain until the late 1970s and in Portugal from the 1980s until the mid-1990s. 6 Unfortunately, empirical evidence is not conclusive concerning recent decades. Sanchez and Roura 7 state that regional disparities have remained essentially constant, while Marelli 8 fi nds a slowing, although positive, cross-regional convergence process between 1990 4 E. C o s t a , M. F o n s e c a : Convergência económica e coesão social e territorial da Península Ibérica na União Europeia, in: X Colóquio Ibé-rico de Geografi a -A geografi a ibérica no contexto europeu, Universidade de Évora 2005. 5 For an interesting survey about structural funds and Objective 1 regions see: F. To r r e s , M.L. d e F r e i t a s , F. P e r e i r a : Convergence among EU Regions, 1990 -2001 -Quality of National Institutions and "Objective 1" Status, in: Intereconomics, Vol. 38, No. 5, 2003 A. S a n c h e z , T. R o u r a : Regional convergence in productivity and productive structure. Therefore, considering the spatial continuity of Spain and Portugal, together with their similar historical paths concerning EEC entry, we proceed with an empirical convergence exercise among the NUTS 3 regions of the Iberian Peninsula, using a spatial econometric approach as a means to embody the role of space and geography. Regional economies tend to be more open and more specialised than national ones. As spatial units become smaller, economic specialisation increases and spatial dependence becomes more relevant. The convergence literature also pays particular attention to the national effect, according to which each region is closely linked to the respective national economic performance. 13 As such, we differentiate between Portuguese and Spanish regions in order to check for the presence of a national convergence club effect.
The analytical framework
The neoclassical growth model is based on Solow's 14 approach and assumes that in the long run all economies converge to the same steady-state level of per capita income, as they grow more rapidly the further the economy is initially from the equilibrium level. Whenever a negative and statistically signifi cant relation is found between the initial per capita GDP level and the corresponding growth rate, we can assume the presence of absolute beta convergence. Another concept of convergence is that of sigma-convergence, which analyses the evolution of income disparities across economies over time through measures of dispersion like the coeffi cient of variation (an indicator of relative dispersion given by the ratio of the standard deviation over the sample mean). A reduction in this indicator implies a decrease in dispersion and thus the existence of sigmaconvergence. Beta-convergence is a necessary but not suffi cient condition for sigma-convergence to occur.
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Many convergence studies use cross-section analyses. However, there are several criticisms of these models, mostly related to the existence of multicollinearity, endogeneity bias and the existence of specifi cation errors. These problems may seriously affect the robustness of the convergence coeffi cient and produce misleading outcomes.
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Moreover, the introduction of the geographical dimension allows one not only to capture the spatial effect but also to improve the estimation and forecasting, since spatial dependence violates some of the Gauss-Markov assumptions of the OLS estimation (cross-section observations are no longer independent), producing ineffi cient estimators.
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Several studies focusing on the importance of spatial location for growth argue that when spatial correlation is ignored, the results regarding economic growth may be biased. Two kinds of spatial effects are pointed out in the literature: (i) spatial autocorrelation, revealing that contiguous regions may infl uence each other's performance Vol. 8, No. 4, 1992, pp. 57-69. 19 See D. Q u a h : Galton's fallacy and tests of the convergence hypothesis, in: The Scandinavian Journal of Economics, Vol. 95, No. 4, 1993, pp. 427-443 ; P. E v a n s : Using cross-country variances to evaluate growth theories, in: Journal of Economic Dynamics and Control, Vol. 20, No. 6-7, 1996 , pp. 1027 -1049  and F. C a s e l l i , G. E s q u i v e l , F. L e f o r t : Reopening the convergence debate: a new look at crosscountry growth empirics, in: Journal of Economic Growth, Vol. 1, No. 3, 1996, pp. 363-389. 20 See, among others, L. A n s e l i n : Spatial econometrics: methods and models, Dordrecht 1988, Kluwer Academic Publishers; J. L e S a g e , R. P a c e : Introduction to spatial econometrics, USA 2009, CRC Press, Taylor and Francis Group. through spillover effects, and (ii) spatial heterogeneity, whenever the same functional form is erroneously considered for all regions. 21 Spatial autocorrelation can be of two types: spatial autoregressive dependence in the variables due to interrelationships between economic variables of contiguous regions and spatial autocorrelation in the disturbance term, which can be due to omitted variables or defi cient functional form.
For our exploratory spatial analysis, we use per capita GDP at the NUTS 3 level between 1995 and 2008, as published by the Portuguese and Spanish national statistics offi ces, defl ated by a national GDP defl ator. 22 We only collect information for regions of mainland Portugal and Spain. Regions like the Azores, Madeira and the Canary Islands are excluded from our analysis as they do not have spatial contiguity with other regions (see Table 1 ). Summing up, our database comprises 75 spatial units, 28 in Portugal and 47 in Spain. After assessing sigma-convergence, we test the presence of spatial autocorrelation in average per capita GDP and in growth rates using the Moran's I autocorrelation coeffi cient. Finally, we estimate the beta-convergence process. We introduce a national dummy to test the presence of spatial heterogeneity. This specifi cation allows us to estimate the possibility of two different convergence patterns in each country. All estimations are carried out in MATLAB using the general maximum likelihood method.
23
The exploratory spatial data analysis: results and discussion Figure 1 illustrates the dispersion, measured by the coeffi cient of variation of the logarithm of per capita GDP during the 1995-2008 period, in the Portuguese and Spanish regions separately and in all 75 regions combined. In the combined result, the regional dispersion decreases until 2001 and thereafter increases, reaching a higher level of dispersion relative to the initial point. The dispersion across Portuguese regions shows a downward path over the whole period, while the Spanish coeffi cient of variation increases a little at fi rst and decreases steadily from 1999 onwards to a point below the initial dispersion level. Moreover, the Portuguese regional dispersion is above the Spanish regional dispersion levels throughout the entire period. The apparent contradiction between the overall sigma-divergence process and the two national sigma-convergence process-21 For comprehensive references on spatial econometrics see for instance L. A n s e l i n , op. cit.; J. L e S a g e , R. P a c e , op. cit; J. L e G a l - The spatial autocorrelation is widely measured by Moran's I statistic, which can be represented by the expression:
where w ij represents the {i, j} element of the spatial contiguity matrix, W, such that w ij = 1 if municipalities i and j are neighbours and w ij = 0 otherwise; x it represents the logarithm of per capita GDP (in deviation from the mean)
of region i at time t; and n is the number of observations.
Moran's I estimates the linear dependence between a variable in a specifi c location and the mean of the same variable in the neighbourhood. Moran's I statistic and the respective marginal probability relative to the logarithm of per capita GDP are shown in Table 2 , revealing a positive and signifi cant spatial dependence in all years and in each scenario (in all regions of the Iberian Peninsula as well as when national regions are separated). This means that richer regions tend to be located near other rich regions, while poor regions tend to be located near other poor regions. Moran's I statistic for all regions (Portuguese and Spanish) shows a similar trend as that for the coeffi cient of variation, i.e. decreasing initially and increasing from 2000 onwards (the correlation between Moran's I statistic and the coeffi cient of variation is 0.95). This result points out that spatial dependence increases with spatial dispersion, which may be interpreted as a shadow effect of richer regions over poor ones, leading to a more unequal distribution of economic activity. Regarding Portugal and Spain separately, however, we observe decreasing trends for the whole period, rather similar to the respective coeffi cients of variation (the correlations are 0.78 and 0.53 respectively). Spain exhibits a stronger pattern of spatial autocorrelation. Finally, we use a spatial econometric methodology to estimate a model of absolute beta-convergence for the Iberian NUTS 3 regions for the 1995-2008 period. First, we estimate the simple model of beta-convergence according to equation (1) with and without a national dummy. The next step is to detect the presence and type of spatial effects in order to evaluate whether the spatial lag model or the spatial error model is most appropriate to describe the data. We follow the robust LM tests described in Elhorst, 25 which test the type of spatial dependence based on the residuals of the non-spatial models. 
Regional Convergence
The results for all the regions of the Iberian Peninsula are presented in the fi rst column of Table 3 . They indicate that the specifi cation of the spatial error model in which only disturbances exhibit spatial dependency, given by Equation (3), is adequate for the convergence process (λ represents the spatial autoregressive parameter in the error term). The results of the three spatial autocorrelation tests can be seen at the bottom of the table. The LM robust error test 27 indicates the presence of spatial correlation in the residuals of the regression model. With the spatial error dependence model (column 2), the slight beta-divergence process estimated by the OLS model ceases to be signifi cant. This excludes the presence of a catching-up effect among the poorest regions, as would be predicted according to the sigma-divergence detected above. Therefore, the results, namely the pres- where
Regional Convergence ence of a strong spatial effect, confi rm the existence of a polarisation of economic activity at the Iberian Peninsula scale.
Columns (3) and (4) of Table 3 present the results of estimating the same equation with the inclusion of a dummy variable for Spain. They indicate the spatial error model given in Equation (4) as the more appropriate one. As expected, the estimation shows a highly signifi cant dummy coeffi cient and a slow beta-convergence process (with a velocity of convergence of 1% per year and a half-life of 69 years), compatible with individual sigma-convergence processes in each country, as well as a signifi cant spatial dependence on the error term. 28 We also introduced a national dummy variable multiplied by the initial income level in order to detect differences in the convergence rate, but the estimation does not detect any statistical signifi cance. where
After confi rming the spatial heterogeneity in the form of a national effect, we estimate separately the convergence process in the two countries. The results provide little evidence for a beta-convergence process in Spain (OLS in column 5 and Spatial Error Model in column 7) and are insignifi cant in the Spatial Error Model (with a p-value just above 10%). The strong spatial dependence in the error term confi rms the effect of non-observable variables that may have contributed to the development of contiguous areas, improving (slightly) the income distribution. As for the Portuguese regions (column 6), the OLS estimation reveals a statistically signifi cant beta-convergence process, although one that is rather slow and without spatial dependence. The velocity of convergence is 1.2% per year with a half-life of 58 years.
Conclusion
Using a spatial econometric framework, this paper empirically analyses convergence among NUTS 3 regions of the Iberian Peninsula between 1995 and 2008. The reduction of disparities in the levels of development of the various regions and of the backwardness of the least favoured regions represents one of the main objectives of the EU. Since joining the EU, Portugal and Spain have recorded impressive economic growth, converging towards the EU average. However, there remain concerns about persistent regional asymmetries.
At the Iberian Peninsula scale, our results point to a sigma-divergence process between 1995 and 2008, while at the national level, both countries have followed a sigmaconvergence process during the same period. This apparent contradiction reveals a worrying divergence between Spain and Portugal (from 2000 onwards) as well as a strong national effect that has apparently precluded some Portuguese border regions from benefi ting from the impressive economic growth of some Spanish border regions like Huelva, Badajoz, Zamora or Pontevedra.
The results also point to some qualitative differences in the convergence pattern between Spanish and Portuguese regions. In the former, we found limited and insignifi cant beta-convergence with strong spatial dependence in the error term, while in the latter, the estimation reveals a slow but signifi cant beta-convergence process, without spatial dependence. This subtle difference means that in the Spanish case, the spatial effects are crucial to the decrease of regional dispersion, while in the Portuguese case, in which spatial effects were not detected, a catching-up process of depressed regions seems to be at the core of the improvement of income distribution. As shown above, Spanish regions with high growth rates, e.g. Badajoz, Vizcaya, Pontevedra or Almeria, are always surrounded by regions with equally high growth. Conversely, the Portuguese regions with the highest growth rates (Alentejo Litoral and Serra da Estrela, two regions that have received signifi cant public investments) did not seem to have any positive effects on the respective contiguous regions. These results raise multiple issues about the application of Structural Funds and the types of growth they generate, leading the way for further investigation.
In 1990 the European Commission integrated a special initiative for border regions into EU cohesion policy instruments known as INTERREG in order to promote crossborder co-operation (INTERREG-A). Since then, two other INTERREG-A generations were completed (1994-1999 and 2000-2006) , and another one is currently included in the Territorial Co-operation objective (2007) (2008) (2009) (2010) (2011) (2012) (2013) . We did not formally test the presence of spatial effects across the border. However, our results confi rm a strong national club effect and the incapacity of the Portuguese border regions to capture positive cross-border effects from prosperous Spanish regions. The inclusion of physical and human capital, population, and additional explaining factors is another reasonable line of investigation to further explore the behaviour of the NUTS 3 regions of the Iberian Peninsula with regard to growth and convergence. 
